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ABSTRACT 

DATE: F e b r u a r y  2 9 ,  1 9 6 8  

FROM: C .  C .  Ong 

The  Neotec C o r p o r a t i o n  has conduc ted  a s t u d y  on 
E r e c t i l e  Antenna t y p e s  under  c o n t r a c t  t o  J P L .  T h i s  
memorandum summarizes t h e  r e p o r t  and e v a l u a t e s  t h e  r e s u l t s  
as a p p l i e d  t o  a manned m i s s i o n .  

D e s p i t e  N e o t e c ' s  c o n c l u s i o n  t h a t  t h e  S w i r l a b o l a  
i s  b e s t ,  i t  i s  t h e  a u t h o r ' s  o p i n i o n  t h a t  i n d i v i d u a l  p e t a l s  
cjL'L'er more a d v a n t a g e s  for a manned m i s s i o n .  The r e a s o n  
f o r  t h i s  i s  t h e  d i f f e r e n c e  i n  s e l e c t i o n  c r i t e r i o n  between 
manned and unmanned m i  s s i  n n s  

N e o t e c ' s  approach  i s  based on p e r s o n a l  o p i n i o n  and 
judgemen t ,  even  though  t h e  f i n a l  r e s u l t s  i s  a n u m e r i c a l  
r a t i n g .  D i f f e r e n c e s  i n  f i n a l  r a t i n g s  may n o t  be  s i g n i f i c a n t .  
A s i m p l e  l i s t i n g  o f  a n t e n n a  t y p e s ,  i n  o r d e r  o f  p r e f e r e n c e ,  
would be j u s t  as m e a n i n g f u l .  
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MEMORANDUM FOR FILE 

J P L  has c o n t r a c t e d  w i t h  t h e  Neotec C o r p o r a t i o n  o f  
R o c k v i l l e ,  Maryland ( C o n t r a c t  No. 951847) t o  conduct  a s t u d y  
o f  e r e c t i l e  a n t e n n a  t y p e s ,  which a re  a p p l i c a b l e  i n  n e a r - e a r t h  
or i n t e r p l a n e t a r y  m i s s i o n s .  

The o b j e c t i v e s  o f  t h e  s t u d y  a r e  (1) t o  e v a l u a t e  
p a r a m e t r i c a l l y  s i x  a n t e n n a  c o n c e p t s  and t o  e s t a b l i s h  t h e  
optimum w e i g h t s  f o r  each  c o n c z p t ,  ( 2 )  t o  pe r fo rm a n a l y t i c a l  
s t u d i e s  on a more c o n s i s t e n t  bas i s  i n  o r d e r  t o  p e r m i t  a 

p r o v i d e  a r e l a t i v e  r a t i n g  of  such  t e c h n i q u e s ,  and (3) t o  
i s o l a t e  and recommend a r e a s  where f u r t h e r  s t u d i e s  would 
y i e l d  maximum b e n e f i t  i n  advanc ing  t h e  f i e l d  o f  space-  
e r e c t i l e  a n t e n n a s .  

r n e x i n g f u l  cornpar iser,  zf t h e  s i x  C l E d i d l t P  C n n C P p t s ,  a n i  t.0 

The s i x  a n t e n n a  t y p e s  s t u d i e d  are r a d i a l  r i b s ,  h y b r i d ,  
i n d i v i d u a l  p e t a l ,  i n t e r c o n n e c t e d  p e t a l ,  p a r a b o l i c  s c i s s o r s  and 
s w i r l a b o l a  ( S e e  F i g u r e s  1 t o  7 ) .  The r e s u l t s  o f  t h e  s t u d y  
c o n s i s t  o f  t h e  f o l l o w i n g :  

1. The l i g h t e s t  an tenna  c o n f i g u r a t i o n  c a n  b e  
d e t e r m i n e d  from t h e  data  p r e s e n t e d .  The a n a l y s i s  
c o v e r s  a r a n g e  of a n t e n n a  dep loyed  diameter v a r y i n g  
from 9 t o  16 f e e t  and a r a n g e  o f  a n t e n n a  s towed 
diameter  v a r y i n g  from 54 t o  1 1 4  i n c h e s .  Antenna 
we igh t  estimates c o n s i d e r e d  s towed c o n f i g u r a t i o n  
packag ing  r a t i o ,  t h e r m a l  d e f l e c t i o n  l i m i t s ,  1 g 
ground t e s t  d e f l e c t i o n  l i m i t s ,  s towed and dep loyed  
c o n f i g u r a t i o n  s t r u c t u r a l  n a t u r a l  f r e q u e n c y ,  a s c g n t  
l o a d i n g  c o n d i t i o n s ,  and an  assumed 2 g mid-course 
maneuver l o a d  i n  t h e  dep loyed  c o n f i g u r a t i o n . .  

2 .  A r e l a t i v e  r a t i n g  o f  t h e  s i x  a n t e n n a  t y p e s  was 
p r e s e n t e d  as g i v e n  by T a b l e  1. I n  t h i s  t a b l e  t h e  
d e g r e e  of  p a r a b o l i c  a p p r o x i m a t i o n  ( i n  t h e  dep loyed  
c o n f i g u r a t i o n ) ,  w e i g h t ,  deployment  r e l a b i l i t y ,  
t e c h n i c a l  r i s k ,  degraded  mode c a p a b i l i t y ,  and c o s t  
were q u a n t i f i e d  on a s c a l e  from 0 t o  1 0 .  
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3. 

Weigh t ing  f a c t o r s  as t o  d e g r e e  o f  i m p o r t a n c e  o f  t h e s e  
i t e m s  were s i m i l a r l y  a s s i g n e d  on a s c a l e  o f  0 t o  1 0 .  
The h i g h e r  t h e  numer i ca l  r a t i n g ,  t h e  h i g h e r  t h e  
q u a l i t y .  

The a n t e n n a  r a t i n g s  were :  

Antenna Technique Net Weighted S c o r e  

1. S w i r l a b o l a  307 

2 .  I n d i v i d u a l  P e t a l  2 7 6  

3. Hybrid 2 7 0  

4 .  Radial  R i b s  257  

6 .  P a r a b o l i c  S c i s s o r s  198 

The h i g h e s t  r a t i n g  f o r  t h e  S w i r l a b o l a  a n t e n n a  r e s u l t s  
l a r g e l y  from t h e  un ique  p o s s e s s i o n  o f  a degraded mode 
c a p a b i l i t y ,  p l u s  a small  a n t e n n a  w e i g h t .  Fo r  any o f  
t h e  o t h e r  a n t e n n a  t e c h n i q u e  c o n s i d e r e d  i n  t h e  s t u d y ,  
f a i l u r e  o f  t h e  r i b s  o r  t r u s s e s  t o  s u c c e s s f u l l y  dep loy  
would r e s u l t  i n  a u s e l e s s  a n t e n n a .  T h i s  i s  due t o  t h e  
a p e r t u r e  b lockage  o f  t h e  mesh i n  p r o x i m i t y  t o  t h e  f e e d  
mast i n  t h e  stowed c o n f i g u r a t i o n .  The S w i r l a b o l a  
t e c h n i q u e ,  however, does  have modest deg raded  mode 
c a p a b i l i t y .  
t h e  second  p o s i t i o n  because  o f  t h e  h i g h  e x p e c t e d  
d e g r e e  o f  p a r a b o l i c  s u r f a c e  a p p r o x i m a t i o n ,  coup led  
w i t h  t h e  low expec ted  t e c h n i c a l  r i s k  a s s o c i a t e d  w i t h  
t h e  c o n c e p t .  

The i n d i v i d u a l  P e t a l  t e c h n i q u e  o c c u p i e s  

The S w i r l a b o l a  t e c h n i q u e  was recommended f o r  f u r t h e r  
deve lopment .  
t h e  g e o m e t r i c  accu racy  o f  t h e  p r e f o r m i n g  o p e r a t i o n .  
F u r t h e r  developments  of  p e r f o r m i n g  t e c h n i q u e s  c o u l d  
lead  t o  a s i n g i f i c a n i  acrivaiice li? t h e  state-of-the-art. 
The t r u e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  a r e f l e c t i n g  
m e s h , s u i t a b l e  f o r  u s e  w i t h  t h e  e r e c t i n g  t e c h n i q u e s  
s t u d i e d , w e r e  o n l y  p o o r l y  d e f i n e d .  The p r o p e r t i e s  
o f  t h e  f i b e r g l a s s  mesh s e l e c t e d  i n  t h e  s t u d y  a re  
h a r d l y  an  optimum e i t h e r  as t o  m a t e r i a l  o r  d i m e n s i o n s .  
B e f o r e  d o i n g  any more a n t e n n a  work,  more t e s t i n g  i s  needed 
t o  g e t  a good mesh  ma te r i a l .  

Th i s  t e c h n i q u e  r e l i e s  g r e a t l y  upon 
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Neotec's report emphasized the deployment reliability 
and the degraded mode capability of the Swirlabola technique 
in selecting it as the most desirable antenna technique. 
While this conclusion seems to be justified for a unmanned 
mission, it may not be so for a manned mission. For, in the 
latter case, failure to deploy the antenna can presumably 
be repaired by the astronauts. Consequently Deployment 
Reliability and Degraded Mode Capability are of smaller 
importance in the evaluation of antenna techniques for manned 
missions. Deleting these two items from Table 1 the rating 
of the six antenna types then becomes: 

Antenna Techniques Net Weighted Score 

1. Individual Petal 216 

3. Interconnected Petal 191 

4. Radial Ribs 177 

5. Parabolic Scissors 149 

6. Swirlabola 145 

It can be seen that the Swirlabola technique, which is the most 
desirable one in the original rating, becomes the least desirable 
one. 

Both the ratings and the weighting factors are 
matters of judgement, and are completely dependent on the person 
doing the evaluating. A precise evaluation is clearly 
impossible. In addition, the final scores can be rearranged 
with small changes in weighting factors. This means that it is 
impossible to know how meaningful the final scores are, even 
in comparing one antenna t o  another. 
that the differences in final scores, for either of the two 

adding up the item scores is a misleading approach. 
the high scoring antenna could have a zero for technical risk, 
indicating that it would be impossible to develop. 
this approach to evaluating antennas has limited value. It 
seems that simply listing the antennas in order of preference 
would be just as meaningful, and would require much less 
bookkeeping. 

It is the author's opinion 

1-.- . P r . r r t  - 4 m - 1 . .  +-L7 - -  - . - & - A  _ ^ _ *  ...- L a. 
bCLLJltzb pr .eser lbtzu,  IllCLY I I U b  ue significant. 1 1 1  l a L b ,  31111pLy 

For example 

Consequently, 
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It s h o u l d  a l s o  b e  p o i n t e d  o u t  t h a t  on a s p a c e c r a f t  
d e s i g n e d  for a p l a n e t a r y  m i s s i o n ,  i t  i s  d e s i r a b l e  t o  have  
a d i r e c t i o n a l  a n t e n n a  w i t h  a dep loyed  d i a m e t e r  o f  a t  l e a s t  
30  f t .  Antennas  o f  t h i s  s i z e  a r e  n o t  c o v e r e d  i n  t h e  s t u d y  
c o n d u c t e d  by Neotec C o r p o r a t i o n .  However, e x t r a p o l a t i o n  c a n  
be  made from t h e i r  r e s u l t s  f o r  we igh t  e s t i m a t i o n  of t h e s e  l a r g e  
a p e r t u r e  a n t e n n a s ,  p resumably  made of  B e r y l l i u m  w i t h  a pre- formed 
m a t a l l i z e d ,  p o l y s u l f p h i d e  c o a t e d  f i b e r g l a s s  r e f l e c t i n g  mesh. 
F o r  example ,  a n  I n d i v i d u a l  P e t a l  a n t e n n a  w i t h  a d e p l o y e d  d i a m e t e r  
of  30 f t  and a s towed d i a m e t e r  of  8 . 5  f t  has a n  es t imated 
w e i g h t  and packaged  volume of 1 6 0  l b  and  7 2 0  f t 3 ,  r e s p e c t i v e l y ;  
whereas f o r  a S w i r l a b o l a  a n t e n n a  of  t h e  same d e p l o y e d  d i a m e t e r  
and a s towed diameter o f  1 3  f t ,  t h e  we igh t  i s  e s t i m a t e d  t o  b e  

8 0  l b  and t h e  packaged  volume t o  b e  690 f t 3 ,  w i t h  a mast p ro -  
t r u s i o n  o f  a b o u t  64  i n  fo rward  of  t h e  s towed s w i r l a b o l a  r i b s .  

1013-CCO-nmm 

At tachmen t s  
F i g u r e s  1-7 
T a b l e  1 
R e f e r e n c e s  

C .  C .  Ong / 
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Individual Individual Petals Sw f rlabola 

FIGURE I - ANTENNA ERECTING TECHNIQUES 
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